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AMENDMENT TO CLAIMS 



Claim 1 . (Cancelled) 




2. (Currently amended) A method of processing pixel intensity values of 
a digital image, the method comprising: 

clipping those pixel intensity values outside of a local variable range; and 
mapping those pixel intensity values within the local variable range; 
Tho mothod of cla i m 1 , w herein the variable range depends on minimum 
and maximum intensity values of a local pixel neighborhood; and wherein the 
mapping has a shape that depends on for ea ch pix el is a function of dynamic 
range of [a ] the local pixel neighborhood , - whoroby th e variab lo rongo is 
d e t e rmined on a pixe l by pix el basis . 

3. (Original) The method of claim 2, wherein the mapping is performed 
according to a slope that complies with the following: the slope approaches unity 
as the dynamic range approaches zero, the slope is greater than unity when the 
dynamic range is greater than zero, and the slope is a non-decreasing function of 
the dynamic range. 

4. (Currently amended) A method of processing pixel intensity values of 
a plurality of pixels in a digital image, the method comprising: 

clipping those pixel intensity values outside of a variable range, the 
variable range for each of the pixels being a function of dynamic range of a local 
pixel neighborhood : and 

mapping those pixel intensity values within the variable range Tho method 
of cla i m 3, who r ein a contract gtrotoh i ng op e ration i c porformod on e ac h- p i xel of 
i nt eres t as follows: 
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I-A<-W 



\l-A\<W 



m 



A+—(I-A) 




t-A^W M 
where m represents the minimum value of the neighborhood, M represents the 
maximum value of the neighborhood, D represent the dynamic range, D/(2W) 
represents the slope, I represents pixel intensity value, g(l) represents the 
contrast stretch in qmapping operation, A represents the middle of [the] a_dynamic 
range, and 2W represents width of [the]_a contrast range, the contrast range 
being centered about the middle of the dynamic range, the contrast range being 
a function of the dynamic range. 

5. (Original) The method of claim 4, wherein D/(2W) = 1 + D/R, where R 
corresponds to dynamic scale for sharpening, whereby 

g(D=I + ^V-4) for i\l-A\<W}. 



6. (Original) The method of claim 5, wherein R has a value that is 
constant for all pixels in the image. 

7. (Original) The method of claim 5, wherein a capturing device is used to 
provide the digital image; and wherein R is between one-quarter and twice a 
range that is normalized to cover the complete dynamic range of the capturing 
device. 



8. (Currently amended) The method of claim [1] 2, wherein the digital 
image is a color image, and wherein a luminance channel of the image is 
sharpened by clipping those pixel intensity values outside of the variable range; 
and mapping those pixel intensity values within the variable range; and wherein 
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the sharpened luminance channel is combined with chrominance information of 
the image. 

9. (Original) The method of claim 8, wherein the digital image is provided 
in RGB color space, and wherein the method further comprises using an 
approximation to convert the digital image from RGB color space to YCbCr color 
space prior to sharpening. 



10. (Previously presented) A method of sharpening a digital image, the 
digital image including a plurality of pixels of interest, for each pixel of interest the 
method comprising: 



determining a dynamic range of a pixel neighborhood, where the dynamic 
range of a pixel neighborhood is based on a difference of minimum and 
maximum pixel values in the pixel neighborhood; and 

performing contrast stretching according to the corresponding dynamic 

range; 

whereby the contrast stretching is performed on a pixel-by-pixel basis. 

11. (Original) The method of claim 1 0, wherein the contrast stretching is 
performed on each pixel of interest by clipping a pixel intensity value lying 
outside a corresponding contrast range and mapping a pixel intensity value lying 
within the corresponding contrast range, the contrast range being a function of 
the dynamic range. 

12. (Original) The method of claim 1 1 , wherein the mapping is performed 
according to a slope that complies with the following: the slope approaches unity 
as the dynamic range approaches zero, the slope is greater than unity when the 
dynamic range is greater than zero, and the slope is a non-decreasing function of 
the dynamic range. 



PACE 6/16 * RCVD AT 4/29/2004 10:16:16 AM [Eastern Daylight Time] * SVR:USPTO-EFXRF-1/3 * DNIB:8729314 * CSID:949 464 0898 * DURATION (mm-ss):05-40 





APR 29 2004 G: 1 8RM 



LRU OFFICE OF HUGH P* GOR ( 94914 54 - 0898 



S.N. 09/676,011 * Pages 



-2^ 



13. (Currently amended) A method of sharpening a digital image, the 
digital image including a plurality of pixels of interest, for each pixe l of interest the 
method comprising: 

determining a dynamic range of a pixel neighborhood, where the dynamic 
range of a pixel neighborhood is based on a difference of minimum and 
maximum pixel values in the pixel neighborhood: and 

performing contrast stretching on the pixel if the pixel lies within a contrast 
range, the contrast range a function of the dynamic range. th o Th o mothod of 
c l a i m 12, whoro i n a contrast stretching operation [is] performed on each pixel of 
interest as follows: 

[i-AZ-W 



m 



\I-A\<W 



2W 



where m represents the minimum value of the neighborhood, M represents the 
maximum value of the neighborhood, D represent the dynamic range, D/(2W) 
represents the slope, I represents pixel intensity value, g(I) represents the 
contrast stretching operation, A represents the middle of the dynamic range, and 
2W represents width of the contrast range, the contrast range being centered 
about the middle of the dynamic range, the contrast range being a function of the 
dynamic range. 



14. (Original) The method of claim 13, wherein D/(2W) = 1 + D/R, where 
R corresponds to dynamic scale for sharpening, whereby 

s(/W + ^('-^> M {\I~A\<W}. 
R 



15. (Original) The method of claim 14, wherein a capturing device is used 
to provide the digital image; and wherein the value of R is between one-quarter 



PAGE 7/16 * RCVD AT 4*29)2004 10:16:16 AM [Eastern Daylight Time) * 8VR:U8PTO-EFXRF-1/3 * DNIS:8729314 • CSID:949 464 0898 • DURATION (mm-ss):0*40 



RPR 29 2004 6: 19HM 



LR 



OFFICE OF HUGH P. GOR 



(9 



454-0898 



p. 8 



S.N. 09/676,011 



Page 6 



and twice a range that is normalized to cover the complete dynamic range of the 
capturing device. 

16. (Original) A method of sharpening a digital image, the digital image 
including a plurality of pixels of interest, for each pixel of interest the method 
comprising performing the following contrast stretching operation on each pixel of 
interest as follows: 



where m represents the minimum value of the neighborhood, M represents the 
maximum value of the neighborhood, D represent the dynamic range, D/(2W) 



contrast stretching operation, A represents the middle of the dynamic range, and 
2W represents width of the contrast range, the contrast range being centered 
about the middle of the dynamic range, the contrast range being a function of the 
dynamic range. 

17. (Currently amended) Apparatus for processing pixels of interest in a 
digital image, the apparatus comprising a processor for determining dynamic 
ranges of pixel neighborhoods for the pixels of interest, and applying a 
porforming contrast stretching function to [ on! each pixel of interest within the 
dynamic range of the corresponding pixel neighborhood, wherein th e mapping 
function has a shape that depends on the dynamic range w her e bv tho contrast 
ctrotch i ng is perform e d on a p i xo l by p i x el basi s. 

18. (Original) The apparatus of claim 17, wherein the processor performs 
the contrast stretching on each pixel of interest by clipping a pixel intensity value 
lying outside a corresponding contrast range and mapping a pixel intensity value 



I-A<-W 



m 




represents the slope, I represents pixel intensity value, g(l) represents the 
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lying within the corresponding oontrast range, the contrast range being a function 
of the dynamic range. 




19. (Original) The apparatus of claim 18, wherein the mapping is 
performed according to a slope that complies with the following: the slope 
approaches unity as the dynamic range approaches zero, the slope is greater 
than unity when the dynamic range is greater than zero, and the slope is a non- 

^ _J^ eCreaS ' n ^ ftjnCt '° n of the dynamic range. 

20. (Currently amended) Apparatus for processing pixels of interest in a 
digital image, the apparatus comprising a processor for determining dynamic 
ranges of pixel neighborhoods for the pixels of interest and performing contrast 
stretching on each pixel of interest within the dynamic range of the corresponding 
pixel neighborhood. T h e apparatus of claim 19, wh e r e in a t hecontrast stretching 

-performed on each pixel of interest as follows: 



g(D= 



m 



\I-A\<W 



A + — (I-A) 
2W 



M 



I~A>W 

where m represents the minimum value of the neighborhood, M represents the 
maximum value of the neighborhood, D represent the dynamic range, D/(2W) 
represents the slope, I represents pixel intensity value, g(l) represents the 
contrast stretching operation, A represents the middle of the dynamic range, and 
2W represents width of [the]_a contrast range, the contrast range being centered 
about the middle of the dynamic range, the contrast range being a function of the 
dynamic range. 
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21. (Original) The apparatus of claim 20, wherein D/(2W)= 1 + D/R, 
where R corresponds to dynamic scale for sharpening, whereby 



22. (Original) The apparatus of claim 21 , wherein an image capture 
device is used to provide the digital image; and wherein the value of R is 
between one-quarter and twice a range that is normalized to cover the complete 
dynamic range of the capturing device. 



23. (Original) Apparatus for sharpening a digital image, the apparatus 
comprising a processor for determining a contrast range for each pixel of interest 
in the digital image, clipping intensity value of a pixel of interest if the intensity 
value lies outside of a contrast range; and mapping the pixel intensity value if the 
pixel intensity value lies within the contrast range; whereby the contrast range is 
determined on a pixel-by-pixel basis. 

24. (Original) The apparatus of claim 23, wherein the contrast range for 
each pixel is a function of dynamic range of a local pixel neighborhood, whereby 
the processor determines the contrast range on a pixel-by-pixel basis. 

25. (Original) The apparatus of claim 24, wherein the mapping is 
performed according to a slope that complies with the following: the slope 
approaches unity as the dynamic range approaches zero, the slope is greater 
than unity when the dynamic range is greater than zero, and the slope is a non- 
decreasing function of the dynamic range. 

26. (Currently amended) Apparatus for sharpening a digital image, the 
apparatus comprising a processor for determining a contrast range for pixels of 
interest in the digital imaoe, clipping intensity value of each pixel o f interest if the 
intensity value lies outside of a contrast range or mapping the pixel intensity 
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value if the pixel intensity value lies within the contrast range; the clipping and 
mapping Tho apparotuc of claim 25 t whoro i n a contrast stretching oporat i on i s 
performed according to on o ach pix el of i ntorost as f oll ows : 
I-A<-W 




\ 



\I-A\<W 



m 



M 



where m represents the minimum value of the neighborhood, M represents the 
maximum value of. the neighborhood, D represent ajthe] dynamic range, D/(2W) 
represents the slope, I represents pixel intensity value, g( l ) roprooonts the 
contrast str e tching oporation, A represents the middle of the dynamic range, and 
2W represents width of the contrast range, the contrast range being centered 
about the middle of the dynamic range, the contrast range being a function of the 
dynamic range. 



27. (Original) The apparatus of claim 26, wherein D/(2W) = 1 + D/R, 
where R corresponds to dynamic scale for sharpening, whereby 

ff (/)=/ + ^(/-^) for {\I-A\<IV}. 



28. (Original) The apparatus of claim 27, wherein an image capture 
device is used to provide the digital image; and wherein R is between one- 
quarter and twice a range that is normalized to cover the complete dynamic 
range of the capturing device. 

29. (Previously presented) An article for a processor, the article 
comprising: 

memory; and 

an image sharpening program stored in the memory, the program, when 
executed, causing the processor to process pixels of interest, each pixel of 
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interest being processed by clipping its intensity value if rts intensity value lies 
outside of a variable contrast range, and mapping its intensity value if its intensity 
value lies within the variable contrast range. 




30. (Previously presented) The article of claim 29, wherein the variable 
range for each pixel of interest is a function of dynamic range of a local pixel 
neighborhood, whereby the variable range is determined on a pixel-by-pixel 
basis. 

31 . (Previously presented) The article of claim 29, wherein the mapping 
is performed according to a slope that complies with the following: the slope 
approaches unity as the dynamic range approaches zero, the slope is greater 
than unity when the dynamic range is greater than zero, and the slope is a non- 
decreasing function of the dynamic range. 



memory 



32. (Currently amended) An article for a processor, the article comprising 
and an image sharpening program stored in the memory, the program. 



when executed, causing the processor to process pixels of interest, each pixel of 
interest being processed by clipping its intensity value if its intensity value lies 
outside of a variable contrast range, and mapping its intensity value if its intensity 
value lies within the variable contrast rang oT ho artiolo of claim 29 , wherein the 
clipping or mapping includes performing the following on each pixel of interest: 



\i-A<w 



A + — V-A) 
2W 



I-A>W M 
where m represents the minimum value of a local neighborhood of pixel intensity 
values, M represents the maximum value of the neighborhood, D represents a 
dynamic range, D/(2W) represents the slope, I represents pixel intensity value, 
g(l) ropr eoo nts th e contract ctrotching op e r a tion^ A represents the middle of the 
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dynamic range, and 2W represents width of a contrast range, the contrast range 
being centered about the middle of the dynamic range, the contrast range being 
a function of the dynamic range. 

33. (Previously presented) The article of claim 32, wherein D/(2W) = 1 + 
D/R, where R corresponds to dynamic scale for sharpening, whereby 



34. (Previously presented) The article of claim 33, wherein R has a value 
that is constant for all pixels in the image. 

35. (New) The method of claim 2, wherein image sharpening is 
performed. 

36. (New) The apparatus of claim 17, wherein image sharpening is 
performed. 
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